THE ROLE OF TECHNOLOGY IN THE BUILT ENVIRONMENT by Ayo, C. K. & Gbadeyan, J.A.
I he BU i It £nvi ronment> 
Innovation Policy ·, ., 
and Sustainable 
Development . 
445 
The Built Environment: Innovation Policy & Sustainable Development 
THE ROLE OF TECHNOLOGY IN THE BUILT ENVIRONMENT 
A YO C. K. (PH.D) 
PROF. J . A. GBADEY AN 
Dept of Computer and Information Sciences 
Covenant University, Ota, Ogun State, Nigeria. 
ckayome(a)yahoo.com 
Department of Computer Science 
University of /Iorin, Kwara State, Nigeria . 
Abstract 
Lately, the built environment has been witnessing a lot of hazards ranging from collapsed buildings and bridges, 
floods and typhoons, droughts and landslides, as well as fire, tsunamis, hurricanes and earthquakes. Others are 
hazards launched through technology such as bio-terrorism and cyber-terrorism. Thus, necessity is place on 
Architecture, Engineering and Construction (AEC) industry to prevent the "sick building" syndrome and make the 
built environment safe, secure, and healthy for mankind. This paper attempts to examine the immediate and remote 
causes of fail and sick buildings with a view to proffering solutions through the use of technology. Furthermore, the 
paper presents the application of the available technologies such as e-construction, Geographical Information 
System (GIS), Computer Aided Design (CAD) and the Global Positioning System (CPS) to the built environment. An 
integrated design environment within the AEC industry is proposed to allow for modeling, designing, analyzing, and 
visualizing structures. Thus, the behaviour of structures can be modeled through "virtual reality", leading to the 
creation of "smart buildings", which are design concepts for this generation. 
Keywords: Rio-terrorism, Virtual Reality, Smart Building, E-construction, and GIS/CAD 
Introduction 
The built environment is composed of the buildings, 
spaces, places and structures where human beings 
live, work and play. That is, the house they live in, 
the office, factory, school, and shop they work in; the 
gym, cafe, and playground they socialize in; and the 
connecting space between these places (Craig, 2005). 
It was observed that people spend at least 90% of 
their lives indoors, therefore making it imperative for 
the building professionals to ensure that the man-
made environment is neither injurious to human 
health nor hinders human performance (Russell, 
2002a). The interactions between the built 
environment and its inhabitants must be given 
prominence. The issues of human health and 
performance, urban ecosystems, environmental 
systems research and safe building technologies must 
be well considered. 
Throughout history, scientists and engineers have 
been saddled with the responsibility of protecting and 
supporting the society. Arising from the various 
threats to lives within the built environment, there is 
the di re need more than never before for technologies 
and systems that can sense, identify and respond to 
threats to homeland security. 
Science and Technology has helped produce the 
mechanism through which designers understand the 
mechanism of natural hazards of atmospherical, 
geological, hydrological and biological origins as 
well as helped mankind with the means to analyze the 
transformations of the hazards into disasters 
(Badaoui, 2001). It has helped develop scientific 
knowledge through studies, experiments and 
observation of floods, severe storms, earthquakes, 
landslides, volcanic eruptions and tsunamis, and their 
impact on mankind. 
Therefore, making the built environment safe for 
mankind calls for concerted interactions among the 
various professionals as: 
a. Scientific/Technological discipline (basic 
engineering, sciences, natural, social and 
human sciences) 
b. Hazard environment (hydrology, geology, 
geophysics, seismology, volcanology, 
meteorology and biology) 
c. Built environment (engineering, architecture 
and material) 
d. Policy environment (sociology and 
humanities) 
In the construction industry for example, the architect 
produces the architectural designs, showing the 
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v a r i o u s  s p a c e  a l l o c a t i o n s ,  e l e v a t i o n s  a n d  r e n d e r i n g s ;  
t h e  s t r u c t u r a l  e n g i n e e r  b a s e d  o n  t h e s e  d e s i g n s  
p e r f o r m s  t h e  s t r u c t u r a l  a n a l y s i s  v i z  t h e  b e h a v i o u r  o f  
s u c h  s t r u c t u r e s  u n d e r  l o a d s  a n d  e v a l u a t e s  
d e f o r m a t i o n s ,  s t r e s s  a n d  s t r a i n ;  a n d  t h u s  p r o p o s e  t h e  
s t r e n g t h  o f  m a t e r i a l s  n e e d e d  ( G b a d e y a n ,  1 9 9 6 ) .  
F i n a l l y ,  t h e  q u a n t i t y  s u r v e y o r s  p r e p a r e  t h e  b i l l  o f  
q u a n t i t y  b a s e d  o n  t h e  f i n d i n g s  o f  t h e  s t r u c t u r a l  
e n g i n e e r .  T h e  s a m e  h o l d s  f o r  t h e  e l e c t r i c a l  e n g i n e e r  
w h o  p r e p a r e s  t h e  v a r i o u s  e l e c t r i c a l  d e s i g n s  f o r  t h e  
s t r u c t u r e .  
T h e  C h a n l l e n g e s  o f  T h e  B u i l t  E n v i r o n m e n t  
T h e  i n c e s s a n t  c a s e s  o f  c o l l a p s e d  b u i l d i n g s  a n d  
b r i d g e s  a n d  t h e  S e p t e m b e r  1  I  ( 9 1 1  I )  s a g a  i n  t h e  U S  
h a v e  n e c e s s i t a t e d  t h e  n e e d  f o r  n e w  i d e a s  f r o m  t h e  
A r c h i t e c t u r e ,  E n g i n e e r i n g  a n d  C o n s t r u c t i o n  ( A E C )  
i n d u s t r y  t o  e n s u r e  e n h a n c e d  s e c u r i t y  i n  t h e  b u i l d i n g s  
w e  l i v e ,  w o r k  a n d  p l a y  ( R u s s e l l ,  2 0 0 2 b ) .  T h e  A E C  
i n d u s t r y  s h o u l d  p r e p a r e  f o r  t h e  w o r s t  s i t u a t i o n s  i n  
d e s i g n s ,  a n d  s h o u l d  d e v e l o p  a n d  i m p l e m e n t  s y s t e m s  
t o  p r e v e n t  a d v e r s e  c o n s e q u e n c e s .  T h e  e f f e c t  o f  
c o l l a p s e d  s t r u c t u r e s  i s  s o  e n o r m o u s  t h a t  e n g i n e e r s  
c a n n o t  r e l y  o n  s t a n d a r d  s p e c i f i c a t i o n s ,  a n d  c o d e  o f  
p r a c t i c e  a v a i l a b l e  w i t h i n  t h e  d i s t r i c t ,  t o  d e t e r m i n e  t h e  
s i z e  o f  s t r u c t u r a l  m e m b e r s  t h a t  r e s i s t  t e n s i o n ,  
c o m p r e s s i o n ,  s h e a r  a n d  b e n d i n g  ( G b a d e y a n ,  1 9 9 7 ) .  
T h e  t h r e a t  o f b i o - t e r r o r i s m  h a s  b e e n  p a r a m o u n t  i n  t h e  
a g e n d a  o f  w o r l d  l e a d e r s  a s  m a n i f e s t e d  i n  t h e  I r a q i  
w a r ,  P a k i s t a n  a n d  I r a n  w a r s .  T o  p r e v e n t  b i o - t e r r o r i s m  
r e q u i r e s  a  t h o r o u g h  k n o w l e d g e  o f  t h e  a g e n t s  a s  w e l l  
a s  p u t t i n g  a d e q u a t e  m e a s u r e s  i n  p l a c e  t o  p r e v e n t  i t s  
i n t r o d u c t i o n  a n d  s p r e a d .  
L a t e l y ,  t h e  w o r l d  h a s  b e e n  w i t n e s s i n g  a  g r e a t  t h r e a t  
t o  t h e  b u i l t  e n v i r o n m e n t .  T h e  t s u n a m i  i n  I n d o n e s i a  
w h e r e  o v e r  1 2 6 , 8 0 4  p e o p l e  w e r e  r e p o r t e d  d e a d ,  
a r o u n d  9 3 , 4 5 8  p e o p l e  m i s s i n g ,  4 7 4 , 6 1 9  p e o p l e  
d i s p l a c e d ,  a n d  t h e  t o t a l  d a m a g e  p u t  b e t w e e n  $ 4 . 5  t o  $  
5 b i l l i o n .  O t h e r s  o n  t h e  i n t e r n a t i o n a l  a r e n a  i n c l u d e  
e a r t h q u a k e  i n  P a k i s t a n  a n d  h u r r i c a n e  i n  t h e  U S  
a m o n g  o t h e r s  t h a t  r e s u l t e d  i n  m o n u m e n t a l  l o s s  o f  
l i v e s  a n d  p r o p e r t y  ( A n o n y m o u s ,  2 0 0 5 ) .  
I t  h a s  b e e n  w i d e l y  r e p o r t e d  t h a t  f l o o d  i s  t h e  m o s t  
c o m m o n  o f  a l l  e n v i r o n m e n t a l  h a z a r d s .  I t  i s  
r e s p o n s i b l e  f o r  a b o u t  o n e - t h i r d  o f  a l l  d e a t h s ,  o n e -
t h i r d  o f  a l l  i n j u r i e s ,  a n d  o n e - t h i r d  o f  a l l  d a m a g e s  
f r o m  n a t u r a l  d i s a s t e r  ( O l o g u n s o r i s a ,  2 0 0 5 ) .  I n  
N i g e r i a ,  w e  w i t n e s s  i n c e s s a n t  a t t a c k  o n  t h e  b u i l t  
e n v i r o n m e n t  f r o m :  f l o o d - t h e  J a l i n g o  s a g a ;  p i p e - l i n e  
v a n d a l i z a t i o n  w i t h i n  t h e  N i g e r - D e l t a ,  a n d  t h e  w e s t e r n  
c o a s t ;  a s  w e l l  a s  e n v i r o n m e n t a l  d e g r a d a t i o n  r e q u i r i n g  
h u g e  s u m s  o f  m o n e y  t o  a d d r e s s .  
T e c h n o l o g y  A n d  A e c  P r o f e s s i o n  
T e c h n o l o g y  h a s  a  g r e a t  r o l e  t o  p l a y  i n  m a k i n g  t h e  
b u i l t  e n v i r o n m e n t  s a f e  f o r  m a n k i n d .  M u c h  e m p h a s i s  
i s  p l a c e d  o n  t h e  f u s i o n  o f  i n f o r m a t i o n  s y s t e m s  a n d  
s e n s o r  t e c h n o l o g y  i n  t h e  d e s i g n  o f  s t r u c t u r e s  a s  w e l l  
a s  m a x i m i z i n g  b u i l d i n g  s e c u r i t y  w h i l e  m i n i m i z i n g  
d i s r u p t i o n s  t o  o c c u p a n t s  ( R u s s e l l ,  2 0 0 5 b ) .  S i n c e  r i s k s  
c a n n o t  b e  c o m p l e t e l y  e l i m i n a t e d ,  t h e  o n l y  o p t i o n  l e f t  
i s  t o  m a n a g e  i t  a p p r o p r i a t e l y .  S c i e n c e  m a y  n o t  b e  
a b l e  t o  p r e v e n t  e a r t h q u a k e ,  b u t  a c c u r a t e  f o r e c a s t  c a n  
b e  m a d e  t o  g i v e  w a r n i n g s  t h r o u g h  t h e  a d o p t i o n  o f  
a d e q u a t e  t e c h n o l o g y .  W a r n i n g s  o n  v i o l e n t  s t o n n  a n d  
v o l c a n i c  e r u p t i o n s  ( g i v e n  i n  h o u r s / d a y s )  t o  p r e v e n t  
l o s s  o f  l i v e s  a n d  p r o p e r t y .  I n  t h e  c o n s t r u c t i o n  
e n g i n e e r i n g ,  e a r t h q u a k e - r e s i s t a n t  s t r u c t u r e s ,  
i n c l u d i n g  h i g h - r i s e  b u i l d i n g s ,  c r i t i c a l  l i f e l i n e s  a n d  
i n d u s t r i a l  f a c i l i t i e s  a r e  m a d e  a v a i l a b l e  t h r o u g h  
t e c h n o l o g y  ( B a d a o u i ,  2 0 0 I ,  a n d  G e o f f ,  2 0 0 0 ) .  
T h e  o t h e r  s p e c i f i c  a r e a s / t e c h n o l o g i e s  a r e :  
E - c o n s t r u c t i o n  
T h i s  t e c h n o l o g y  i n v o l v e s  t h e  C A D  s y s t e m ,  I n t e r n e t  
a n d  p r o j e c t  m a n a g e m e n t  t o o l s .  I n  a d d i t i o n ,  i t  i n c l u d e s  
a u t o n o m o u s  m a c h i n e s  a n d  f i e l d  r o b o t i c s - d r i v e r l e s s  
t r u c k s ,  c r a n e ,  c o m p a c t e r s ,  s i t e  r o b o t s  f o r  s p r a y i n g  
a u t o m a t i c  m a s o n r y  a n d  p i p e  l a y i n g  r o b o t s ,  a n d  h e a v y  
l i f t  t o o l  d e p l o y m e n t  m a n i p u l a t o r s  t o  p o s i t i o n  s t e e l  
b e a m s  o r  p r e - c a s t  c o n c r e t e  p a n e l s  ( J a m e s ,  2 0 0 0 ) .  
S i m i l a r l y ,  t h e r e  a r e  a u t o n o m o u s  r o a d  b u i l d i n g  
e q u i p m e n t  f i t t e d  w i t h  C A D ,  c o m b i n e d  w i t h  g l o b a l  
p o s i t i o n i n g  t e c h n o l o g y  o r  d i s t a n c e  o p e r a t e d  
i n f o r m a t i o n  s y s t e m s  t o  b u i l d  r o a d s  i n  r e m o t e  
l o c a t i o n s .  
T h i s  t e c h n o l o g y  h a s  a l r e a d y  b e e n  t r i e d  a b r o a d .  
( a )  A  d r i v e r l e s s  l o a d  h a u l  d u m p  v e h i c l e  
m a n i p u l a t e s  a  t u n n e l  w i t h  1 5 0 m m  c l e a r a n c e  
e i t h e r  s i d e  a t  2 0 k r n l h r .  I t  h a s  a  l a s e r  s c a n n e r  
o n  t h e  f r o n t  t o  d e t e c t  u n p r o g r a m m e d  
o b s t r u c t i o n s .  
( b )  A  s e l f - p r o g r a m m e d  e x c a v a t o r  a n d  a  r o b o t  t o  
d e m o l i s h  a  n u c l e a r  r e a c t o r .  
( c )  A  m a s o n r y  l a y  r o b o t  i n  S p a i n ,  w o r k i n g  f r o m  
C A D  d r a w i n g s  t o  c o n s t r u c t  a  b u i l d i n g  w i t h  
c a m e r a s  o n  h e l m e t  o f  o n - s i t e  b u i l d i n g  
w o r k e r s  r e c e i v i n g  i n s t r u c t i o n s  t h r o u g h  
e n g i n e e r s  w i t h  r e m o t e  s i t e  i n s p e c t i o n .  
T h u s  w i t h  e - c o n s t r u c t i o n ,  b u i l d e r s  o n  t h e  s i d e  o f  
t e c h n o l o g y  h a v e  t h e  c o m p e t i t i v e  e d g e  o v e r  o t h e r s .  
S i m i l a r l y ,  o n e  c a n  b u i l d  u p  a  g o o d  c u s t o m e r  
r e l a t i o n s h i p  a n d  r e g i o n a l  a l l i a n c e s ,  l i n k - u p  c l i e n t s  t o  
t h e  w e b  o r  e x t r a n e t ,  u s e  p r o j e c t  m a n a g e m e n t  t o o l s  a s  
w e l l  a s  p r e s e n t  t h e  m a n y  f a c e s  ( v i e w s )  o f  t h e  
s t r u c t u r e  t o  c l i e n t s .  
C o m p u t e r - A i d e d  D e s i g n  ( C A D )  
T h i s  i n v o l v e s  t h e  u s e  o f  c o m p u t e r  s y s t e m  i n  d r a f t i n g  
a n d  d e s i g n i n g  o f  s t r u c t u r e s .  I t  h a s  r e v o l u t i o n i z e d  t h e  
p r o c e s s  o f  a n a l y s i s ,  d e s i g n ,  t e s t i n g  a n d  m a n u f a c t u r e .  
M o s t  C A D  p a c k a g e s  c a n  b e  i n t e r f a c e d  w i t h  a  l o t  o f  
4 4 7  
T h e  B u i l t  E n v i .  
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other ones for performing mechanical , civil and 
electrical designs and analysis. Similarly with CAD, 
complex structures such as ships, earoplanes, 
buildings and spacecraft that are hitherto contractile 
in nature can be modeled and analyzed (Gbadeyan, 
1996). 
Geographic Info r mation System (GIS) 
A GIS is a decision support system designed to work 
with spatial information that shows roads, population, 
sewer systems and the layout of electrical and other 
notable structures in map form. GIS can help 
determine the best place to situate a proposed 
structure. It is well-suited for storing, retrieving and 
analyzing geographic data to support the decision 
making process. GIS can be employed to develop a 
well-structured layout of a country detailing proposed 
bus, van, light-rail routes, sewage, and underground 
pipeline the best way possible (Haag, 2000). 
Global Positioning System (GPS) 
The GPS is a collection of 24 earth-orbiting satellites 
that continuously transmit radio signals that helps to 
give the rel ative location of the carrier. It picks radio 
signals from the four of the satellites to give the 
location of the carrier within a few hundred feet. 
This device is employed by surveyors to take the 
coordinates and the perimeter of a landed property. It 
simplifies the task of land surveyors. 
The I ntegr ated Design Environment 
The integrated design environment offers a cheaper 
means of accomplishing data visualization, design 
and analysis of structures on Personal Computers. It 
offers inter-appl ication communication; enhanced 
unified engineeri ng database made available to all the 
principal objects; and enhanced possibility of a lot of 
"what if' scenarios on the structure in other to obtain 
the best practice (Ayo, 1999, and Ron, 2003). 
The advent of the "Convergent technologies" which 
involves the convergence of nanotechnology, bio-
technology, information technology and new human 
technology based on cognitive science has promised 
a tremendous improvement in the quality of life and 
society. This is aimed at designing the built 
environment to reduce crime, enhance communal 
child rearing, and foster high social interactions 
(Hellen, 2001). The available technologies for 
integration include: virtual reality and smart building. 
Virtual Reality 
Vi rtual reality planning and analysis technologies are 
used to build factories in 3D, assess performance and 
fine- tune structures before any brick and mortar are 
laid. Thus, computational sciences and engineering 
relies on scientific visualization to present solution by 
turning massive amount of data into movies and 
graphical display measurements of physical variables 
in space and time. 
Virtual reality software shows 3D rendering; display 
the behaviour of the structure under load; and has 
helped herald the death of distance, the irrelevance of 
size, collaboration and not confrontation 
(Anonymous, 2004, and James, 2000). 
Smart Building 
The intelligent building systems offer utmost comfort 
by optimizing temperature, indoor air quality, 
lighting conditions as well as security. The 
technology responds to situations and users' needs. It 
is an automated system that meets users' 
requirements. 
The Connected Open Building Automation (COBA), 
which is a building operating system that offers a 
common interface to all facility management 
systems. The system regulates: heating, ventilating 
and air conditioning (HV A C); lighting, access, 
attendance and material consumption; video 
surveillance as well as burglar, fire and humidity 
alarms (Schaffner, 1999). 
Smart buildings integrate control technology with the 
building system. It anticipates the users' needs to 
provide improved comfort, greater user control, and 
better efficiency (Gbadeyan, 1997, and 
Anonymous*). The system involves: 
(a) A web-based control ofbuildings: occupants 
can adjust room temperature, change 
lightings etc. 
(b) The integration of HV AC, lighting system 
and security system: it tracks visitors to the 
office or workers outside official working 
hours, it turns off/on lights and HV AC in 
areas used or not used. 
(c) Smart windows: It controls the louvers and 
the HV AC. Thus if the window is opened, it 
turns down the HV AC system. 
Energy-Smart Building 
The Americans adopted the EDUPLAN: a 
hemispheric plan of action for the reduction of 
vulnerability to the natural hazards in the education 
sector. This is a consensus-building process by the 
Organization of American States (OAS) (Nguten, 
2001). 
In the same vein, the energy-smart buiiding integrates 
energy savings strategies into the design of buildings, 
particularly schools. The concept is aimed at 
maximizing solar access to boost effectiveness of 
day-lighting strategies by reducing electrical lighting, 
·heating and cooling (Anonymous, 2001). Schools can 
be designed to reduce total dependence on public 
power, water and gas as well as making the 
environment healthier for human life. 
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I n t e g r a t e d  D e s i g n ,  V i s u a l i z a t i o n  a n d  A n a l y s i s  o f  
S t r u c t u r e s  
T h i s  i n t e g r a t e d  d e s i g n  e n v i r o n m e n t  i s  c o m p o s e d  o f  
t h r e e  d i f f e r e n t  o b j e c t s  b r o u g h t  t o g e t h e r  t o  a m e l i o r a t e  
t h e  l e v e l  o f  h a z a r d s  f a c i n g  t h e  b u i l t  e n v i r o n m e n t .  
A u t o d e s k  A u t o C A D  i s  t h e  d e s i g n  p l a t f o r m ,  
c o n s i d e r i n g  i t s  p o p u l a r i t y ,  V i s u a l  B a s i c  o f f e r s  t h e  
p l a t f o r m  f o r  a n a l y z i n g  t h e  b e h a v i o u r  o f  t h e  s t r u c t u r e  
a n d  M S  E x c e l  i s  t h e  V i s u a l i z e r .  
T h e  i n t e g r a t e d  e n v i r o n m e n t  f o s t e r s  i n t e r - a p p l i c a t i o n  
d a t a  t r a n s f e r  t h r o u g h  D y n a m i c  D a t a  E x c h a n g e  ( D D E )  
a n d  O b j e c t  L i n k i n g  a n d  E m b e d d i n g  f e a t u r e s  o f  
M i c r o s o f t  O f f i c e .  
F i g .  I  D a t a  F l o w  D i a g r a m  f o r  t h e  I n t e g r a t e d  S y s t e m  
A u t o d e s k  R e v i t  i s  a  n e w  d e v e l o p m e n t  o v e r  A u o C A D .  
I t  o f f e r s  a n  i n t e g r a t e d  s t a t e - o f - t h e - a r t  b u i l d i n g  
i n f o r m a t i o n  m e d e l i n g  s y s t e m .  R e v i t  s t a n d s  f o r  
" r e v i s e  i n s t a n t l y " .  I t  i s  a  p o w e r f u l  d e s i g n  a n d  
d o c u m e n t a t i o n  s y s t e m  d e l i v e r i n g  c o m p e t i t i v e  
a d v a n t a g e ;  i m p r o v e  c o o r d i n a t i o n  a n d  q u a l i t y  a n d  
h i g h e r  p r o f i t a b i l i t y  t o  a r c h i t e c t s ,  b u i l d e r s ,  a n d  o t h e r  
b u i l d i n g  i n d u s t r y  p r o f e s s i o n a l s .  
R e v i t  o f f e r s  v i s u a l i z a t i o n  a n d  p r e s e n t a t i o n  f a c i l i t i e s  
a s  w e l l  a s  p r o v i d i n g  e x p o r t  f o r  b u i l d i n g  i n f o r m a t i o n  
m o d e l  t o  i n d u s t r y  s t a n d a r d  o p e n  d a t a b a s e  
c o n n e c t i v i t y  ( O D B C )  c o m p l i a n t  d a t a b a s e  t a b l e s .  T h i s  
h a s  f u r t h e r  s i m p l i f i e d  t h e  i n t e g r a t e d  e n v i r o n m e n t  f o r  
p r o f e s s i o n a l s  t o  p e r f o r m  t h e  n e e d e d  a n a l y s e s ,  
e x p e r i m e n t a t i o n s  a n d  q u a n t i f i c a t i o n s .  
R e c o m m e n d a t i o n s  f o r  f u t u r e  d e s i g n s .  
T h e  d e m a n d s  o f  t h i s  g e n e r a t i o n  r e q u i r e  t h a t  
r e s e a r c h e r s  d r i v e  d i s c o v e r y  p r o c e s s  a n d  n a v i g a t e  o r  
s t e e r  t h e i r  c a l c u l a t i o n s  i n  r e a l - t i m e  f a s h i o n .  T h e r e  i s  
n e e d  f o r  o n - l i n e  i n t e r a c t i o n  w i t h  t h e  f i e l d  d a t a  t o  
p e r f o r m  " w h a t - i f '  a n a l y s i s  o n  t h e m ,  a n d  e x p l o r e  t h e  
v a r i o u s  p o s s i b i l i t i e s  o n  t h e  m o d e l s  t o  f o r e c a s t  t h e i r  
b e h a v i o u r s  u n d e r  c e r t a i n  c o n d i t i o n s .  T h u s ,  f u t u r e  
d e s i g n s  r e q u i r e  t h a t :  
a .  V i r t u a l  r e a l i t y  t e c h n o l o g y  b e  e m p l o y e d  t o  
p r e d i c t  t h e  b e h a v i o u r  o f  s t r u c t u r e s  u n d e r  
c e r t a i n  c o n d i t i o n s .  
b .  T h e  h i s t o r y  o f  t h e  l o c a t i o n  b e  i n v e s t i g a t e d .  
T h i s  m a y  i n c l u d e  t h e  s e i s m i c  d a t a  f r o m  
g e o l o g i c a l  s u r v e y  t o  d e t e r m i n e  i f  i t  i s  p r o n e  
t o  n a t u r a l  d i s a s t e r .  
c .  T h e  c o n c e p t  o f  i m m u n e  b u i l d i n g ·  t h a t  
i n c o r p o r a t e s  a  b i o s e n s o r  t e c h n o l o g y  b e  
i n t e g r a t e d  t o  d e t e c t  a n d  n e u t r a l i z e  t h e  e f f e c t  
o f  b i o t e r r o r i s m .  
d .  S m a r t  b u i l d i n g  c o n c e p t  b e  i n c o r p o r a t e d  t h a t  
o b s e r v e s  c e r t a i n  e n v i r o n m e n t a l  f a c t o r s  a n d  
t h r o u g h  p r e d i c t i v e  m o d e l i n g  a n d  d e c i s i o n -
m a k i n g  a l g o r i t h m s  c h o o s e  t h e  m o s t  e f f e c t i v e  
r e s p o n s e s  t o  p r o t e c t  o c c u p a n t s .  
e .  T h e r e  b e  a n  i m p r o v e d  i n d o o r  a i r  q u a l i t y  b y  
m i n i m i z i n g  t h e  u s e  o f  v o l a t i l e  o r g a n i c  
c o m p o u n d s  i n  p a i n t s ,  c a r p e t s  a n d  a d h e s i v e ,  
a s  w e l l  a s  t h e  f o r m a l d e h y d e  i n  p l y w o o d ,  
p a r t i c l e  b o a r d s  a n d  c a b i n e t s .  
f .  T h e r e  b e  i n t e g r a t i o n  o f  w a t e r  c o n s e r v a t i o n  
s c h e m e  t h r o u g h  r a i n w a t e r  c o l l e c t i o n  s y s t e m  
t o  p r o v i d e  w a t e r  f o r  t o i l e t  f l u s h i n g  a n d  
i r r i g a t i o n .  
g .  T h e r e  b e  i n c o r p o r a t i o n  o f  r e c y c l i n g  s y s t e m s  
a n d  w a s t e  m a n a g e m e n t  s t r a t e g i e s  t o  r e d u c e  
t h e  a m o u n t  o f  l a n d f i l l  w a s t e .  
h .  T h e r e  b e  i m p r o v e m e n t  i n  e n v i r o n m e n t a l  
p o l l u t i o n  t h r o u g h  t h e  u s e  o f  n a t u r a l  g a s ,  
b i o d i e s e l ,  m e t h a n o l  a n d  s o l a r  e l e c t r i c  b u s e s .  
i .  G e o g r a p h i c  i n f o r m a t i o n  s y s t e m  b e  u s e d  t o  
m a k e  a v a i l a b l e  t o  d e s i g n e r s  t h e  a t m o s p h e r i c  
a n d  s e i s m i c  d a t a  o f  t h e  l o c a t i o n .  
J .  G I S  a n d  G P S  a n d  t h e  s a t e l l i t e  b e  u s e d  t o  
m a k e  a v a i l a b l e  t h e  d a t a  o f  t h e  d i s a s t e r  a r e a s  
a n d  c a n  b e  c o r r e l a t e d  w i t h  t h e  d a t a  o f  t h e  
s i t e  w h e r e  t h a t  s t r u c t u r e  i s  t o  b e  l o c a t e d .  
k .  F i n a l l y ,  t h e  c o n c e p t  o f  T o t a l  Q u a l i t y  
M a n a g e m e n t  m u s t  b e  i n t r o d u c e d  i n t o  a l l  
f a c e t s  o f  d e s i g n ,  c o n s t r u c t i o n  a n d  f i n i s h i n g .  
T h i s  w i l l  r e d u c e  t h e  i n c e s s a n t  r a t e  o f  
c o l l a p s e d  b u i l d i n g s  
C o n c l u s i o n  
T h e  b u i l t  e n v i r o n m e n t  w i l l  c o n t i n u e  t o  b e  p l a g u e d  
w i t h  l o t s  o f  e n v i r o n m e n t a l  h a z a r d s  a n d  o n l y  
t e c h n o l o g y  h a s  t h e  r e s p i t e  f r o m  t h e s e .  T h u s ,  t h e r e  i s  
n e e d  f o r  a  f u s i o n  o f  t h e  A E C  p r o f e s s i o n a l s  t o  
c o o p e r a t e  a n d  c o l l a b o r a t e  o n  a  s a f e  a n d  h e a l t h y  
e n v i r o n m e n t .  T h e r e f o r e ,  t h r o u g h  a n  i n t e g r a t e d  
d e s i g n ,  a n a l y s i s  a n d  v i s u a l i z a t i o n  o r  v i r t u a l  r e a l i t y  
t h e  m a n y  f a c e s  o f  t h e  s t r u c t u r e  c a n  b e  v i e w e d  u n d e r  
d i f f e r e n t  l o a d s  t o  p r e d i c t  i t s  b e h a v i o u r  i n  r e a l i t y .  
S i m i l a r l y ,  t h e  n e e d  t o  r e d u c e  p o v e r t y  b y  5 0 %  a s  
c h a m p i o n e d  b y  t h e  U N  t h r o u g h  t h e  M D G s  d e m a n d s  
a n  e f f i c i e n t  u s e  o f  f a c i l i t i e s  s u c h  a s  e n e r g y ,  w a t e r  b y  
i n t e g r a t i n g  H V  A C ,  l i g h t i n g  a n d  s e c u r i t y  i n t o  d e s i g n s .  
T h u s ,  t h r o u g h  V R ,  s m a r t  b u i l d i n g ,  C A D ,  G I S  a n d  
G P S ;  a n d  a  r i g i d  T o t a l  Q u a l i t y  C o n t r o l  m e a s u r e s ,  
s t r u c t u r e s  c a n  b u i l d  t o  l a s t  a n d  f o r  s a f e t y .  
I n  N i g e r i a  p a r t i c u l a r l y ,  c o s t  o f  f a c i l i t y  e x p a n s i o n  i s  
u n n e c e s s a r i l y  h i g h  d u e  t o  l a c k  o f  a d e q u a t e  p l a n s  f o r  
f u t u r e  d e v e l o p m e n t s .  H e n c e  i t  i s  h i g h  t i m e  t h e  
b u i l d i n g  p r o f e s s i o n a l s  e m b a r k e d  o n  d i g i t a l  p l a n s  w i t h  
l a y o u t  f o r  e x p a n s i o n s  ( w a t e r w a y s ,  r a i l w a y ' > ,  m o t o r  
r o a d s ,  g o v e r n m e n t  r e s e r v a t i o n s ,  s c h o o l s  e t c )  y e a r s  
a h e a d .  T h u s  d e v e l o p m e n t  c a n  b e  c h e a p  w i t h o u t  
h a v i n g  t o  p a y  f o r  n e i t h e r  d e m o l i t i o n s  n o r  
-c o m p e n s a t i o n s  f o r  r e l o c a t i o n s .  
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